We demonstrate first room temperature, and ultrabright single photon emission from a color center in two-dimensional multilayer hexagonal boron nitride. Density Functional Theory calculations indicate that vacancy-related centers are a likely source of the emission.
Full Abstract
Artificial atomic systems in solids are widely considered the leading physical system for a variety of quantum technologies, including quantum communications, computing and metrology [1, 2] . Room temperature quantum emitters have, however, thus far been observed only in wide bandgap semiconductors such as diamond [3] and silicon carbide [4] , nanocrystal quantum dots [5] [6] [7] , and most recently carbon nanotubes [8] . Single photon emission from two-dimensional materials has been reported [9] [10] [11] [12] [13] , but only at cryogenic temperatures.
In this work we identify and study for the first time single photon emission from localized defects in monolayer and multilayer hexagonal boron nitride (hBN) [14] . The emitters are optically active at room temperature, thereby heralding the transformational application of 2D materials in quantum information applications with the potential to achieve scalable nanophotonic circuits on a single chip. In particular, the defect center exhibits a sharp zero phonon line at ~ 623 nm, and a phonon side band (PSB) doublet with well-resolved peaks at 680 nm (1.83 eV) and 693 nm (1.79 eV), respectively (Fig. 1a) . Second order autocorrelation measurement confirms single photon generation from the single defect center in multilayer hBN (Fig. 1b) . In addition, the defect center possesses a relatively short lifetime of ~ 3 ns based on time-resolve fluorescence spectroscopy. More interestingly, fluorescence saturation reveals that the color center is the brightest quantum source to date, emitting ~ 4 million counts per second (Fig. 1c) . Full excitation and emission polarization results suggest that the center forms a strong single electric dipole moment. Furthermore, the center exhibits high stability under room temperature for at least ten minutes. Density Functional Theory (DFT) calculations indicate that anti-site nitrogen vacancy (NBVN) is a likely candidate of this single photon emission (Fig. 1d, e, and f) . Our results, therefore, demonstrate the unprecedented potential of van der Waals crystals for large scale nanophotonics and quantum information processing.
Summary
We demonstrate first room temperature, and ultrabright single photon emission from a color center in twodimensional multilayer hexagonal boron nitride. Density Functional Theory calculations indicate that vacancyrelated centers are a likely source of the emission.
